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We study transcendental values of the logarithm of the gamma
function. For instance, we show that for any rational number x
with 0 < x < 1, the number logΓ (x) + logΓ (1 − x) is transcen-
dental with at most one possible exception. Assuming Schanuel’s
conjecture, this possible exception can be ruled out. Further, we
derive a variety of results on the Γ -function as well as the tran-
scendence of certain series of the form
∑∞
n=1 P (n)/Q (n), where
P (x) and Q (x) are polynomials with algebraic coeﬃcients.
© 2009 Elsevier Inc. All rights reserved.
1. Introduction
The study of the nature of the values of the gamma function Γ (z) at rational arguments has been
in the focus from the times of Euler. But apart from a very few special cases, the (possible) transcen-
dence of the gamma values at rational arguments is merely conjectural and even their irrationality is
yet to be established. The result of Schneider who in 1941 [14] proved that the beta function
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Γ (a + b) =
1∫
0
xa−1(1− x)b−1 dx
is transcendental when a,b,a+b ∈ Q \Z suggests a heuristic argument that these values are possibly
transcendental. By the above result, we see that the numbers
B(1/4,1/2) = Γ (1/4)
2
√
2π
and B(1/3,1/2) =
√
3Γ (1/3)3
24/3π
are transcendental. But this does not prove the transcendence of Γ (1/3) and Γ (1/4). The transcen-
dence of Γ (1/4) and Γ (1/3) has been proved in 1976 by Chudnovsky [3] who proved the stronger
assertion that the two numbers Γ (1/4) and π are algebraically independent and so are the two
numbers Γ (1/3) and π. Later in 1996, Nesterenko [11] (see also [12, p. 6]) extended these results by
showing the following:
Theorem (Nesterenko). For any imaginary quadratic ﬁeld with discriminant−D and character  , the numbers
π, eπ
√
D ,
D−1∏
a=1
Γ (a/D)(a)
are algebraically independent. Consequently, the numbers Γ (1/4),π and eπ are algebraically independent
and so are the numbers Γ (1/3),π and eπ
√
3.
Using the standard identities satisﬁed by the gamma function (to be given later), the transcendence
of Γ (1/6) can be deduced. Recently, Grinspan [4] showed that at least two of the three numbers
Γ (1/5), Γ (2/5) and π are algebraically independent. Apart from these very few special cases, the
algebraic nature of the gamma function at rational arguments remains enigmatic.
One of our goals in the present work is to explore the nature of the logarithm of the gamma
function at rational arguments. Here, we prove
Theorem 3.1. For any rational number x ∈ (0,1), the number
logΓ (x) + logΓ (1− x)
is transcendental with at most one possible exception.
The possible fugitive exception in the above theorem can be removed if we assume that the fol-
lowing conjecture due to Schanuel (Lang 1966 [8]) is true.
Schanuel’s Conjecture. Suppose α1, . . . ,αn are complex numbers which are linearly independent over Q.
Then the transcendence degree of the ﬁeld
Q
(
α1, . . . ,αn, e
α1 , . . . , eαn
)
over Q is at least n.
This conjecture is believed to include all known transcendence results as well as all reasonable
transcendence conjectures on the values of the exponential function. In relation to transcendence of
gamma values, we have
Theorem 3.4. Schanuel’s conjecture implies that for any x ∈ Q, at least one of the following statements is true:
(1) Both Γ (x) and Γ (1− x) are transcendental.
(2) Both logΓ (x) and logΓ (1− x) are transcendental.
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Theorem 2.2. Assume Schanuel’s conjecture is true. If α is a Baker period then 1/α is not a Baker period. In
particular, 1/π is not a Baker period.
Following [10], a Baker period is deﬁned to be an element of the Q vector space spanned by
logarithms of non-zero algebraic numbers. Further, we have
Theorem 2.4. Assume Schanuel’s conjecture is true. If α1, . . . ,αn are non-zero algebraic numbers such that
logα1, . . . , logαn are linearly independent over Q, then logα1, . . . , logαn, logπ are algebraically indepen-
dent. In particular, logπ is not a Baker period.
Finally, in Section 4, we study the algebraic nature of series of the form
∑∞
n=1
P (n)
Q (n) , where P (x)
and Q (x) are polynomials with algebraic coeﬃcients. Series of similar type where the roots of the
denominator Q (x) are primarily rational have been considered by several authors [1,2,10].
2. Schanuel’s conjecture and consequences
Let L denote the logarithms of non-zero algebraic numbers, that is
L := {logα ∣∣ α ∈ Q \ {0}}.
It is a linear space over Q and contains iπ . The classical theorem of Hermite and Lindemann is the
assertion that
Q ∩ L = {0}.
Gelfond and Schneider, independently, in 1934 proved that L is not a Q-linear space (i.e. Q · L  L).
More precisely, they proved
Theorem (Gelfond–Schneider). If λ1 and λ2 are Q-linearly independent elements of L, then they are Q-
linearly independent.
Later, Baker in 1966 generalised the above to arbitrary number of logarithms of algebraic numbers.
More generally, he proved the following:
Theorem (Baker). If λ1, λ2, . . . , λn are Q-linearly independent elements of L, then 1, λ1, λ2, . . . , λn are lin-
early independent over Q.
An immediate consequence of the above theorem is that any non-zero element in the Q-vector
space
{α1λ1 + · · · + αnλn | n ∈ N, αi ∈ Q, λi ∈ L}
is necessarily transcendental. As mentioned before, an element of this vector space will be called a
Baker period.
On the other hand, the question of algebraic independence of transcendental numbers or even
more speciﬁcally those of numbers connected with the exponential function is rather delicate. One of
the very few general results is the following classical result due to Lindemann and Weierstrass [15].
Theorem (Lindemann–Weierstrass). If β1, . . . , βn are algebraic numbers which are linearly independent
over Q, then the numbers eβ1 , . . . , eβn are algebraically independent.
S. Gun et al. / Journal of Number Theory 129 (2009) 2154–2165 2157A more recent development is the striking result due to Nesterenko that π, eπ and Γ (1/4) are
algebraically independent.
The most far reaching conjecture in this set up is Schanuel’s conjecture (Lang 1966 [8]) which is
mentioned in the introduction. We deduce some important consequences of this conjecture. We start
with noting the following special case of Schanuel’s conjecture.
Weaker Schanuel’s Conjecture. Let α1, . . . ,αn be algebraic numbers such that logα1, . . . , logαn are lin-
early independent over Q. Then these numbers are algebraically independent.
We begin by proving the following consequence of the weaker Schanuel’s conjecture; this will be
of importance for us, especially for the results in the last section.
Lemma 2.1. Assume the weaker Schanuel’s conjecture. Let α1, . . . ,αn be non-zero algebraic numbers. Then
for any polynomial f (x1, . . . , xn) with algebraic coeﬃcients such that f (0, . . . ,0) = 0, f (logα1, . . . , logαn)
is either zero or transcendental.
Proof. We use induction on n. For n = 1, the lemma is true by Hermite–Lindemann’s theorem. Sup-
pose f (x1, . . . , xn) ∈ Q[x1, . . . , xn], n 2 such that
f (logα1, . . . , logαn) = A, A algebraic. (1)
By the weaker Schanuel’s conjecture,
logα1, . . . , logαn
are linearly dependent over Q. Then there exists integers c1, . . . , cn such that
c1 logα1 + · · · + cn logαn = 0.
Suppose c1 = 0. Then logα1 = 1c1 (c2 logα2 + · · · + cn logαn). Replacing this value of logα1 in (1), we
have
g(logα2, . . . , logαn) = A,
where g(x1, . . . , xn−1) is a polynomial with algebraic coeﬃcients in n−1 variables. Then by induction
hypothesis A = 0. This completes the proof of the lemma. 
As a consequence, we have
Theorem 2.2. Assume Schanuel’s conjecture is true. If α is a Baker period then 1/α is not a Baker period. In
particular, 1/π is not a Baker period.
Proof. Since α is a Baker period, we can write
α = β1 log δ1 + · · · + βn log δn,
where βi, δi ∈ Q \ {0}. If 1/α is also a Baker period, then
1 = γ1 logα1 + · · · + γk logαk,
α
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1 = f (log δ1, . . . , log δn, logα1, . . . , logαk), (2)
where f is a polynomial in Q[x1, . . . , xn+k] with f (0, . . . ,0) = 0. Then by Lemma 2.1, the right-hand
side of (2) is either zero or transcendental. In either case it is a contradiction and the result fol-
lows. 
We note that Kontsevich and Zagier [7] have introduced the notion of periods. A period is a com-
plex number whose real and imaginary parts are values of absolutely convergent integrals of algebraic
functions with algebraic coeﬃcients, over domains in Rn given by polynomial inequalities with ratio-
nal coeﬃcients. Clearly all algebraic numbers are periods. An example of a transcendental period is π
as it is expressible as
π =
∫ ∫
x2+y21
dxdy = 2
1∫
−1
√
1− x2 dx.
Also, logarithms of algebraic numbers are periods and hence by Baker’s theorem, we have an inﬁnite
(but countable) class of transcendental numbers which are periods. Moreover, the periods form a
ring and the Baker periods form a subgroup of this ring. In view of the above results, it is tempting
to wonder if the group of units of this ring contains only the obvious units, namely the non-zero
algebraic numbers.
Now we proceed to derive some other interesting consequences of Schanuel’s conjecture:
Proposition 2.3. Assume that Schanuel’s conjecture is true. Then we have the following:
(1) If α ∈ Q \ {0,1}, then logα and log logα are algebraically independent. More generally, the numbers
log1 α, log2 α, . . . , logd α are algebraically independent for any d ∈ N, d  2 (except in the case when
logi α = 1 for some i). Here log1 α = logα and logi α = log logi−1 α.
(2) If α1, . . . ,αn ∈ Q are linearly independent over Q, then π, eα1 , . . . , eαn are algebraically independent. In
particular, e + π , e/π and πe are transcendental.
(3) If α1, . . . ,αn are algebraic numbers such that i,α1, . . . ,αn are linearly independent over Q, then
π, eα1π , . . . , eαnπ are algebraically independent. (The case α = 1 is Nesterenko’s theorem.)
(4) For α,β ∈ Q with α = β we have πα, eπα and eπβ are algebraically independent.
(5) e,π and logπ are algebraically independent. In particular, π e is transcendental.
Proof. (1) Note that for α ∈ Q \ {0,1}, logα and log logα are linearly independent over Q. As other-
wise αn = (logα)m for n,m ∈ Z, a contradiction. By applying Schanuel’s conjecture, we see that the
numbers logα, log logα are algebraically independent. The general case follows by induction.
(2) We apply Schanuel’s conjecture to the Q-linearly independent numbers α1, . . . ,αn and iπ to
get the result.
(3) Apply Schanuel’s conjecture to the Q-linearly independent numbers iπ,α1π, . . . ,αnπ to con-
clude the result.
(4) Apply Schanuel’s conjecture to the Q-linearly independent numbers iπ,πα and πβ to get the
result.
(5) By Nesterenko’s theorem, we know that π and logπ are linearly independent over Q. We
apply Schanuel’s conjecture to the Q-linearly independent numbers 1, iπ and logπ to conclude that
e,π and logπ are algebraically independent. Now apply Schanuel’s conjecture to the Q-linearly inde-
pendent numbers 1, logπ, iπ + e logπ, e logπ . 
Further, we have
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logα1, . . . , logαn are linearly independent over Q, then logα1, . . . , logαn, logπ are algebraically indepen-
dent. In particular, logπ is not a Baker period.
Proof. Since logα1, . . . , logαn are linearly independent over Q, by Schanuel’s conjecture the numbers
logα1, . . . , logαn are algebraically independent.
First suppose that π, logα1, . . . , logαn are linearly dependent over Q, i.e.
π = β1 logα1 + · · · + βn logαn,
where βi ∈ Q and not all of them are zero. Without loss of generality, assume that β1 = 0. Then
π, logα2, . . . , logαn are linearly independent over Q. As otherwise
π = δ2 logα2 + · · · + δn logαn, δi ∈ Q, δi = 0 for some i,
will force that logα1, . . . , logαn are algebraically dependent, a contradiction. Now applying Schanuel’s
conjecture to the Q-linearly independent numbers iπ, logα2, . . . , logαn, logπ we see that logα1, . . . ,
logαn, logπ are algebraically independent.
Next suppose that π and logα1, . . . , logαn are linearly independent over Q. Then we apply
Schanuel’s conjecture to the Q-linearly independent numbers iπ, logα1, . . . , logαn, logπ to get the
required result. 
It is worthwhile to mention our motivation for studying the nature of logπ . The logarithms of the
gamma function as well as logπ are of central importance in studying the non-vanishing as well as
algebraic nature of various special values of a general class of L-functions. An understanding of the
nature of logπ and logΓ (x) is central to such investigations. We refer to [5] for further elaborations.
3. Transcendence of the log gamma function
We begin by recalling some of the fundamental properties of the gamma function. The reciprocal
of the gamma function is an entire function and hence has a product expansion given by
1
Γ (z)
= eγ zz
∞∏
n=1
(
1+ z
n
)
e
−z
n .
Here γ is the elusive Euler’s constant. Then, we have the following standard relations:
Γ (z + 1) = zΓ (z) (Translation),
Γ (z)Γ (1− z) = π
sin(π z)
(Reﬂection),
n−1∏
k=0
Γ
(
a + k
n
)
= (2π)(n−1)/2n1/2−naΓ (na) (Multiplication).
An interesting conjecture due to Rohrlich is the following:
Conjecture (Rohrlich). Any multiplicative dependence relation of the form
πn/2
∏
a∈Q
Γ (a)ma ∈ Q, n,ma ∈ Z,
is a consequence of the above relations.
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derivative of the gamma function. For z = 0,−1, . . . , where ψ(z) has simple poles with residue −1,
we have
ψ(1+ z) = ψ(z) + 1
z
, (3)
ψ(1− z) = ψ(z) + π cotπ z for z /∈ Z, and (4)
−ψ(z) − γ = 1
z
+
∞∑
n=1
{
1
z + n −
1
n
}
. (5)
Here, we consider the logarithm of the gamma function at rational arguments. Even though the
gamma function is conjectured to take transcendental values at all rational non-integral arguments,
the possibility that the logarithm of gamma function at rationals is algebraic is something which
cannot be ruled out at the outset. In this connection, we have
Theorem 3.1. For any rational number x ∈ (0,1), the number
logΓ (x) + logΓ (1− x)
is transcendental with at most one possible exception.
Proof. Using the reﬂection property of the gamma function, we have
logΓ (x) + logΓ (1− x) = logπ + log sinπx.
If x1 and x2 are distinct rational numbers with
logΓ (xi) + logΓ (1− xi) ∈ Q, i = 1,2,
then their difference log sinπx1 − log sinπx2 is an algebraic number. But this is a non-zero Baker
period and hence transcendental. 
As an immediate corollary, we have
Corollary 3.2. Except for at most one exceptional rational number x ∈ (0,1), one of the numbers logΓ (x),
logΓ (1− x) is transcendental.
If we assume Schanuel’s conjecture, the existence of the ﬁctitious rational alluded above can be
ruled out. More precisely
Proposition 3.3. Schanuel’s conjecture implies that
logΓ (x) + logΓ (1− x)
is transcendental for every rational 0< x< 1.
Proof. As noticed in the previous section, Schanuel’s conjecture implies that for any non-zero alge-
braic number α, the two numbers eα and π are algebraically independent. Suppose α = logΓ (x) +
logΓ (1 − x) is algebraic. Then since eα = πsin(πx) , it contradicts the algebraic independence of eα
and π . 
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Theorem 3.4. Schanuel’s conjecture implies that for any x ∈ Q, at least one of the following statement is true:
(1) Both Γ (x) and Γ (1− x) are transcendental.
(2) Both logΓ (x) and logΓ (1− x) are transcendental.
Proof. If (1) is true, there is nothing to prove. Without loss of generality, suppose that Γ (x) is alge-
braic for some x ∈ Q. Then logΓ (x) is a Baker period. Since
logΓ (1− x) = − logΓ (x) + logπ − log sin xπ,
therefore by Theorem 2.4, it follows that logΓ (1− x) is transcendental. 
The Hurwitz zeta function is deﬁned by
ζ(s, x) :=
∞∑
n=0
1
(n + x)s , x ∈ R, x> 0,
for (s) > 1. The series ζ(s,1) is the Riemann zeta function. Hurwitz [6] proved that this function
extends meromorphically to the entire complex plane with a simple pole at s = 1 with residue 1.
The continuation of ζ(s, x) can be enlarged to include all complex values x in the cut complex plane
C \ (∞,0]. In 1894, Lerch [9] established the following formula linking Γ (x) and ζ(s, x):
ζ ′(0, x) = logΓ (x) − 1
2
log2π.
Here the differentiation is with respect to the variable s. Consequently, we have
Theorem 3.5. Assume Schanuel’s conjecture is true. Then at least one of Γ (x), ζ ′(0, x), where x ∈ Q, 0< x = 1
is transcendental.
Proof. Note that it is suﬃcient to prove the result for 0 < x < 1. If Γ (x) is transcendental for all
0< x< 1, there is nothing to prove. Suppose for some 0< x< 1, Γ (x) is algebraic. Then logΓ (x) is a
Baker period. By Lerch, we have
ζ ′(0, x) = logΓ (x) − 1
2
log2π.
Thus by Theorem 2.4, it follows that ζ ′(0, x) is transcendental. 
Proposition 3.6. Let x ∈ Q with 0 < x < 1. Then ζ ′(0, x) + ζ ′(0,1 − x) is transcendental except for x = 1/6
or x = 5/6 where it takes the value zero.
Proof. Since
ζ ′(0, x) + ζ ′(0,1− x) = − log sinπx− log2
is a Baker period, it is either zero or transcendental by Baker’s theorem. This is zero only when
sinπx = 12 i.e. when x = 1/6 or x = 5/6. 
Finally, in the other direction,
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Proof. Again by Lerch’s identity and since Γ (1+ x) = xΓ (x), it is clear that
ζ ′(0, x) − ζ ′(0,1+ x) = − log x.
Thus by Baker’s theorem, it is transcendental. 
4. Transcendence of series of rational function
In this section, we investigate the algebraic nature of some series of the form
∞∑
n=1
P (n)
Q (n)
,
∞∑
n=−∞
P (n)
Q (n)
where P (x) and Q (x) are polynomials with algebraic coeﬃcients. Our aim is to consider such series
with polynomials having arbitrary algebraic roots. We use the Lindemann–Weierstrass theorem and
the theorem of Nesterenko to isolate the transcendence nature of many such sums. In some more
general set up, these theorems are no longer strong enough and it is the conjecture of Schanuel
which is of relevance.
Sums of these type can be regarded as discrete versions of the periods of Kontsevich and Zagier.
Denoting the ring of periods by P , we have the following chain of inclusions
Q ↪→ Q(π) ↪→ Q(π)(ζ(3), ζ(5), . . .) ↪→ P .
Conjecturally, the transcendence degree in the second inclusion above is inﬁnite and hence it is un-
likely that we can conclude about the transcendental nature of all such series in total generality, even
under an assertion as strong as Schanuel’s. First, we have
Theorem 4.1.
(1) Let α be a non-zero rational number and d be any natural number. Then
∑∞
n=1 1n2+dα2 is transcendental.
(2) Let α be a non-integral rational number and k > 1 be a natural number. Then
∑∞
n=−∞ 1(n+α)k is transcen-
dental.
Proof. (1) Using the properties of the digamma function, we have
∞∑
n=1
1
n2 + dα2 =
1
2i
√
dα
{ ∞∑
n=1
(
1
n − i√dα −
1
n
)
−
∞∑
n=1
(
1
n + i√dα −
1
n
)}
= 1
2i
√
dα
{(
−ψ(−i√dα) − γ + 1
i
√
dα
)
+
(
ψ(i
√
dα) + γ + 1
i
√
dα
)}
= 1
2i
√
dα
(
ψ(i
√
dα) − ψ(−i√dα))− 1
dα2
= 1
2i
√
dα
(
i√
dα
− π cot(π i√dα)
)
− 1
dα2
= − 1
2dα2
− π√
(
1+ e2π
√
dα
2π
√
dα
)
.2 dα 1− e
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√
d are algebraically independent, the above sum is transcenden-
tal.
(2) We know
∞∑
n=−∞
1
(n + α)k =
1
α
+ (−1)
k
(k − 1)! D
k−1(π cotπ z)|z=α,
where D = ddz . It is a consequence of a result of Okada [13] that Dk−1(π cotπ z)|z=α is non-zero.
But then it is πk times a non-zero integer linear combination of algebraic numbers of the form
cscπα, cotπα. Thus we have the result. 
Further, we have
Theorem 4.2.
(1) Let P (x) and Q (x) be polynomials with algebraic coeﬃcients. Suppose that deg P  deg Q − 2 and that
Q has simple non-integral zeros α21 , . . . ,α
2
r such that α1, . . . ,αr are linearly independent over Q. Then
the sum
∑∞
n=1
P (πn)
Q (π2n2)
is transcendental.
(2) Let P (x) and Q (x) be polynomials with algebraic coeﬃcients. Suppose that deg P  deg Q − 2 and
that Q has simple non-integral zeros α1, . . . ,αr . If α1, . . . ,αr are linearly independent over Q, the sum∑∞
n=−∞
P (πn)
Q (πn) is transcendental. Thus at least one of the two sums
∑∞
n=1
P (πn)
Q (πn) ,
∑∞
n=1
P (−πn)
Q (−πn) is tran-
scendental.
Proof. (1) Using partial fractions, we can write P (n)Q (n) =
∑r
j=1
c j
n−α2j
, where c j = P (α2j )/Q ′(α2j ). Then
arguing as before, we have
∞∑
n=1
P (πn)
Q (π2n2)
=
r∑
j=1
c j
∞∑
n=1
1
(πn)2 − α2j
=
r∑
j=1
c j
2α2j
− i
2
r∑
j=1
c j
α j
(
e2iα j + 1
e2iα j − 1
)
.
By Lindemann–Weierstrass theorem, the second sum in the right-hand side is transcendental.
(2) As before, P (n)Q (n) =
∑r
j=1
c j
n−α j , where c j = P (α j)/Q ′(α j). The restriction on the degree of P
shows that
∑r
j=1 c j = 0. Then we have
∞∑
n=−∞
P (n)
Q (n)
=
r∑
j=1
c j
α j
+
r∑
j=1
c j
{
ψ(α j) − ψ(−α j)
}
,
and hence
∞∑
n=−∞
P (πn)
Q (πn)
= −i
r∑
j=1
c j
(
e2iα j + 1
e2iα j − 1
)
.
By Lindemann–Weierstrass theorem, the above sum is transcendental. 
Finally, we consider series with arbitrary algebraic coeﬃcients and investigate from the standpoint
of Schanuel’s conjecture. First, we have
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(1) Let α be an algebraic number which is not a rational multiple of i. Then
∑∞
n=1 1n2+α2 is transcendental.
Further,
∑∞
n=1 1n2+πa is transcendental for any rational number a.
(2) Let P (x) and Q (x) be polynomials with algebraic coeﬃcients. Suppose that deg P  deg Q − 2 and that
Q has simple non-integral zeros α21 , . . . ,α
2
r such that 1,α1, . . . ,αr are linearly independent over Q. Then
the sum
∑∞
n=1
P (n)
Q (n2)
is transcendental.
Proof. (1) As before,
∞∑
n=1
1
n2 + α2 = −
1
2α2
− π
2α
(
1+ e2πα
1− e2πα
)
.
By Proposition 2.3, π2α (
1+e2πα
1−e2πα ) is transcendental. Also since
∞∑
n=1
1
n2 + πa = −
1
2πa
− π
2πa/2
(
1+ e2πa/2+1
1− e2πa/2+1
)
,
by Proposition 2.3, we get the desired result.
(2) Writing P (n)Q (n) =
∑r
j=1
c j
n−α2j
, where c j = P (α2j )/Q ′(α2j ), as before we have
∞∑
n=1
P (n)
Q (n2)
=
r∑
j=1
c j
∞∑
n=1
1
n2 − α2j
=
r∑
j=1
c j
2α2j
− iπ
2
r∑
j=1
c j
α j
(
e2iπα j + 1
e2iπα j − 1
)
.
By Proposition 2.3, the second sum above is necessarily transcendental. 
Finally considering sums over all integers, we have
Theorem 4.4. Let P (x) and Q (x) be polynomials with algebraic coeﬃcients. Suppose that deg P  deg Q − 2
and that Q has non-integral zeros α1, . . . ,αr with multiplicities m1, . . . ,mr respectively. If 1,α1, . . . ,αr are
linearly independent over Q, the sum
∑∞
n=−∞
P (n)
Q (n) is transcendental under Schanuel’s conjecture. In particu-
lar, at least one of the two sums
∑∞
n=1
P (n)
Q (n) ,
∑∞
n=1
P (−n)
Q (−n) is transcendental.
Proof. Using partial fractions, we can write
P (n)
Q (n)
=
r∑
j=1
mj∑
l=1
c j,l
(n − α j)l ,
where
c j,l = Dmj−r
[
P (x)
Q (x)
(x− α j)mj
]
x=α j
, D = d
dx
.
Thus, we have
∞∑
n=−∞
P (n)
Q (n)
=
∞∑
n=−∞
{
r∑
j=1
mj∑
l=1
c j,l
(n − α j)l
}
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r∑
j=1
mj∑
l=1
{
c j,l
α j
+ (−1)
lc j,l
(l − 1)! D
l−1(π cotπx)|x=−α j
}
=
r∑
j=1
mj∑
l=1
c j,l
α j
+ (−1)
lc j,l
(l − 1)!
r∑
j=1
mj∑
l=1
Dl−1(π cotπx)|x=−α j .
Since
∑r
j=1
∑mj
l=1 D
l−1(π cotπx)|x=−α j is an algebraic linear combination of rational functions involv-
ing π, eiπα j , e−iπα j , 1 j  r. Since 1,α1, . . . ,αr are linear independent over Q, using Proposition 2.3
we get the result. 
It is worth mentioning that in the above cases, we are not able to deal with the case when the
polynomial Q (x) has integer roots which seems to suggest that the transcendence of the Riemann
zeta function at odd positive integers is beyond the realm of Schanuel’s conjecture. Finally, while the
theorem of Baker or even the conjecture of Schanuel helps in establishing the transcendence of such
series, we do not seem to have any such general theory which is tailor-made to establish a weaker
assertion, namely the irrationality of such series.
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